Quinidine, Antiarrhythmic Drug. Phospholipid Bilayer, Liposomes, Erythrocyte M embrane Quinidine (QU IN ) is one of the most important and efficient antiarrhythmic drugs (AA D ). It belongs to class I. which are the drugs that exert their action at the level of the sodium channels in the membrane of the myocard. Several hypotheses support the idea that the molecular mechanism of action of the A A D is via nonspecific interactions with phospholipids sited in the neighborhood of the channels. In order to probe the validity of these hypotheses, Q UIN was made to interact with the phospholipids dimyristoylphosphadidylcholine (DM PC) and dimyristoylphosphatidylethanolamine (DM PE). These interactions were perform ed in a hydrophobic and a hydrophilic medium under a wide range of molar ratios. The resulting products were analyzed by X-ray diffraction. Q UIN solutions were also made to interact with DMPC liposomes, which were studied by fluorescent spectroscopy. Finally, human ery throcytes which were incubated with Q U IN solutions were observed by scanning electron microscopy. The results of these experiments proved that QUIN indeed interacted with phos pholipid bilayers.
Introduction
Since its initial use quinidine (Q U IN ), whose structural formula is shown in Fig. 1 , has remained as one of the most important and efficient drug for maintaining the heart rhythm (Levy and Azoulay, 1994). It has been classified into class I o f the anti arrhythmic drugs (A A D ) (Bigger and Hoffman, 1990), which are those that exert their action at the level of the sodium channels in the membrane of the myocard (Ravens, 1992) . However, it has been reported that Q U IN also inhibits the calcium channels (Nawada et al., 1994) . Several hypotheses have been proposed to explain the molecular mechanism of action of the A A D . Obviously, one them suppose that the A A D directly enter into the channels to block the passage o f ions across the membrane (Katz et al., 1982) . However, other hypotheses support the idea that A A D interact in nonspecific ways with phospholipid bilayers lo cated in the neighborhood or surrounding the ion channels ( Katz et al., 1982) . Thus, the amphiphilic A A D would insert into the lipid layers producing lateral and/or longitudinal expansions which would result in a compression of the protein units that form the channels hindering the proper per meation of ions. A somewhat related mechanism, the "membrane bilayer hypothesis" (Hille, 1977) might also apply to A A D . Accordingly to it, cer tain hydrophobic and amphiphilic drugs may nec essarily partition into the lipid bilayer of the mem brane prior to protein receptor binding. The lipid bilayer may assist successful drug-receptor recog nition and binding by optimizing the location, orientation and concentration of the drug m ole cule with respect to the receptor site (Mason, 1993) .
For these reasons it was thought of interest to study the interaction of Q U IN with phospholipid bilayers. These interactions were performed in model and cell membranes by three different ap proaches. In the first, X-ray diffraction methods were used to follow the ability of Q U IN to perturb the structure of dimyristoylphosphatidylcholine (DM PC) and dimyristoylphosphatidylethanol- These samples were incubated at 37 °C for 1 hour and fixed with glutaraldehyde. D rops of the fixed samples on Al stubs were dried at 37 °C for 1 hour and gold coated for 3 min at IO" 1 Torr, reaching a final film width of 3 5 -4 0 nm. The samples thus prepared were observed and photographed in a Etec Autoscan SEM.
Results

X-ray studies on lipid multilayers
The molecular interactions o f Q U IN with DM PC and DM PE were studied in a hydrophobic and hidrophilic medium given their amphiphilic nature. Table I Table II and Fig. 3 . When exposed to pure water DMPC expanded its bilayer width from 54.5 A to 65.5 A. A t the same time, the observed reflections were reduced to only the first three orders of the bilayer repeat and one of a All the specimens were recrystallized from C H C^C H^O H 3:1. h The interplanar spacings and intensities of the reflections were measured in X-ray diagrams obtained from Debye-Scherrer and flat-plate cameras with 8 and 14* cm specimen-to-film distances. c Only the main observed reflections are included. a The interplanar spacings and intensities of the reflections were measured in X-ray diagrams obtained from flatplate cameras with 8 and 14* cm specimen-to-film distances. b The samples were diffracted 2 and 14 days after preparation. No differences were observed. 
Fluorescence studies on vesicles
The interaction of Q U IN with DMPC large uni lamellar vesicles was studied evaluating DPH steady state anisotropy and Laurdan general po larization. The results are presented in Table V . shaped form known as stomatocyte. Q UIN did not produce lysis in any of the assayed concentrations.
Discussion
The experimental results described above clearly indicate that Q U IN interacted with both phospholipid bilayers. However, the type and ex tent of these interactions depended on the nature of the phospholipids involved, their phase state and concentration ratio with QUIN. In fact, the X-ray studies showed that Q U IN interacted with DMPC bilayers in both a hydrophobic and a hy drophilic medium. This is not surprising given the open packing of DMPC bilayers that allows water and amphiphilic m olecules to incorporate and per turb its molecular arrangement. DM PE, on the contrary, presents such a close and tight molecular packing that it is very difficult for foreign m ole cules to penetrate and affect its structure (Suwal sky, 1988). Therefore, the observed effects of Q UIN upom DM PE bilayer structure were quite unexpected.
The spectroscopic results obtained from the in teraction of Q U IN with DM PC liposom es mostly agree with those observed by X-ray diffraction on DM PC multilayers in a hydrophilic medium. In fact, the rotational behavior of DPH in an aniso tropic system such as the bilayer is considered an hindered rotation. In this m odel, the steady state the dipole m oieties surrounding the Laurdan ex cited state m olecules at this interface (Parassasi et al., 1990 ). Accordingly to the results shown in Table V . the dynamics of Laurdan environment. anisotropy can be mainly related to the restriction of the rotational motion due to the hydrocarbon packing order (Weber. 1978; Kawato et al., 1977) .
In this context, DPH fluorescence anisotropy de crease can be rationalized as a perturbation of DM PC hydrocarbon chains, as it was observed in the X-ray experiments. Laurdan, on the other hand, has been reported to be located at the hydrophobic-hydrophilic interface of the lamella (Chong, 1988; Chong, 1990) . Its spectral sensitivity to the phospholipid phase state has been attrib uted to a dipolar relaxation phenom ena originated from the sensitivity of the probe to the polarity of its environment. This is due to the large charge separation that the fluorophor exhibits upon exci tation, i.e., a large excited state dipole (Parassasi et al., 1986) . In a phospholipid bilayer, the re laxation process depends on the dynamics of i.e., the phospholipid polar groups and water molecules, were not significatively perturbed by QUIN. This result differed from that obtained in the X-ray experiments, in which Q U IN produced a perturbation of DMPC polar heads. This is prob ably due to the difference of the physical process involved in these measurements, which are related to the dynamics of molecular events in comparison with the static character of the X-ray information.
The shape change produced to human erythro cytes might be another indication of Q U IN in teraction with phospholipid bilayers. Several studies have shown that amphiphilic drugs induce a transformation from the discoid shape of the red cells to spiculated (echinocyte) or cupped (stomatocyte) forms (Fujii et al., 1979; Lange et al., 1982; Nwafor and Coackley, 1985; Isomaa et al., 1987) . Sheetz and Singer (1974 , 1976 . 1977 , 1990) . On the basis of the X-ray and spectroscopic results either an echinocytic or a stomatocytic form would have been expected given Q UIN interactions with both DM PC and DM PE. However, accordingly to Reinhart and Rohner (1990) , the stomatocytic form is attained at low cholesterol/phospholipid ratio, which is the case of normal erythrocytes.
) formulated
In conclusion, different methods confirmed the fact that Q U IN interacts with phospholipid bi layers. Therefore, the suggested molecular mecha nisms of action of class I A A D . involving the lipidic moiety of cell membranes, might be valid.
